ls0 ' 101 13/634255 

CFO 11365 US 

LIQUID JET RECORDING HEAD AND 
PROCESS FOR PRODUCTION THEREOF 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a liquid jet 
recording h£ad for discharging droplets of recording 
liquid in an ink jet recording system. 
Related Background Art 

A liquid jet recording head used in an ink jet 
recording apparatus (liquid jet recording system) has 
generally a fine recording liquid discharge opening 
(hereinafter often referred to as an "orifice"), a 
liquid flow path, and an energy-generating device 
provided in the liquid flow path for generating energy 
for discharging the liquid. Such a liquid jet 
recording head is conventionally produced by forming a 
fine groove on a glass or metal plate by cutting, 
etching, or a like working method, and then bonding the 
grooved plate to another suitable plate to form a 
liquid flow path. 

However, the working precision is limited in 
cutting or etching of the glass plate or the metal 
plate. Moreover, the liquid jet recording heads 
produced by such a conventional method do not 
necessarily have invariable flow resistances of liquid 
flow paths because of roughness of the inner flow path 
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walls or distortion of the flow paths caused by 
nonuniform etching , whereby the recording 
characteristics of the produced liquid jet recording 
heads tend to vary disadvantageously . 
5 Further, the cutting is liable to cause 

chipping or cracking of the plate to result in a lower 
production yield. On the other hand, the etching, 
which is conducted through many production steps, 
/a ^4es**£J«ig in high production cost. Furthermore, a 

10 common disadvantage of the aforementioned conventional 
methods is difficulty in positional registration in 
bonding the grooved plate having the liquid flow paths 
to a cover plate having a discharge -energy-generating 
element such as a piezo element or electrothermal 

15 transducer element- Therefore, conventional methods 
are not suitable for mass production. 

Production processes offsetting the above 
disadvantages are disclosed in Japanese Patent 
Application Laid-Open Nos. 57-208255, 57-208256, and 

20 61-154947. 

In the methods disclosed in the above Japanese 
Patent Application Laid-Open Nos. 57-208255 and 57- 
208256, a pattern of nozzles including ink flow paths 
and orifices is formed from a photosensitive resin 

25 material on a base plate on which discharge energy- 
generating elements have been formed, and thereon a 
cover plate like a glass plate is bonded. However, 
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such a method involves the problems below: 

( 1 ) The adhesive for bonding the cover plate may 

penetrate into the ink flow path to deform the flow 

path. 

5 ( 2 ) In cutting the base plate to form the ink 

discharge opening, cut chips may be brought into the 
ink flow path to render the ink ejection instable. 
(3) A portion of the ink discharge opening may be 
chipped in cutting the base plate having a hollow for 

10 the ink flow path. 

These problems lower the yield of production of 
the liquid jet recording heads, and render difficult 
the production of a multiple recording head which has a 
fine ink flow path structure having many ink discharge 

15 openings on a broad nozzle face. 

Japanese Patent Application Laid-Open Nos. 61- 
154947 discloses a method for solving the above 
problems. In this method, an ink flow path pattern is 
formed from a soluble resin, the formed pattern is 

20 coated with an epoxy resin or the like, the epoxy resin 
is cured, the substrate is cut, and the soluble resin 
is removed by elution. 

With progress of technique in recent years, the 
recording is required to be finer and more precise. To 

25 satisfy the requirement, one method is to decrease the 
cross-sectional area of the orifice, which requires 
working technique for a finer orifice. In the methods 



- 4 - 



disclosed in the aforementioned Japanese Patent 
Application Laid-Open Nos. 57-208255, 57-208256, and 
61-154947, the ink discharge opening is formed by 
cutting the ink flow path, thus the distance between 
5 the ink discharge pressure generating- element and the 

ink discharge opening depends on the cutting precision. 
However, since the cutting is conducted generally by a 
mechanical means such as a dicing saw, the high 
precision is not readily achievable, and the substrate 

10 may be chipped to cause ink discharge in a wrong 
direction to impair the quality of printing. 

To solve the above problems, a method for 
producing a liquid jet recording head was disclosed by 
the inventors of the present invention, which comprises 

15 the steps of : 

( 1 ) forming an ink flow path pattern from a soluble 
resin on an ink discharge pressure-generating element 
having been provided on a base plate, 

( 2 ) forming a coating resin layer on the layer of the 
20 above soluble resin, 

( 3 ) forming an ink discharge opening in the coating 
resin layer, and 

(4) removing the soluble resin layer by elution. 

In the above process of producing the liquid 
25 jet recording head, the distance between the discharge 
energy-generating element and the orifice, the most 
important factor for the characteristics of the liquid 
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jet recording head, can be controlled precisely with 
high reproducibility by a thin film coating technique 
exemplified by spin coating. The positional 
registration of the discharge energy-generating element 
5 to the orifice can be conducted optically by 

photolithography with high positional precision. 

The methods disclosed in the aforementioned 
Japanese Patent Application Laid-Open Nos. 57-208255, 
57-208256, and 61-154947, which employ oxygen plasma, 

10 use a resin composition having higher workability than 
glass or metals as the material for the liquid jet 
recording head. Japanese Patent Application Laid-Open 
No. 3-184868 discloses a cation-polymerized and cured 
product of an aromatic epoxy compound as a coating 

15 resin suitable for the method described in the above 
Japanese Patent Application Laid-Open No. 61-154947. 

The liquid jet recording head is kept 
incessantly in contact with ink (generally mainly 
composed of water, and not neutral) in the environment 

20 of use. Therefore, the constituting members are 

required to be affected little by the recording liquid. 
Change of the dimension, deterioration of adhesion to 
the base plate, and decrease of mechanical strength of 
the constituting member should be prevented which are 

25 caused by water absorption of the constituting member 
from the ink during a long term of use. 

Generally, a cation-polymerized cured epoxy 
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resin has high crosslinking density and a high glass 
■transition temperature to have excellent mechanical 
strength and adhesiveness. However, with the resin, 
the water absorption is not proportional to the 
5 crosslinking density, and the water absorbency reaches 
the minimum in a certain crosslinking range. Therefore 
the desirable properties of high strength and high 
adhesiveness are not necessarily consistent with the 
minimum water absorbency. 

10 After comprehensive study on the above 

problems, it has been found by the present inventors 
that the water absorbency of the cured epoxy resin is 
lowered by curing the epoxy resin in the presence of, 
or by reaction with a compound having a fluorocarbon 

15 moiety by utilizing the low surface tension of the 
fluorocarbon moiety-containing compound. 

SUMMARY OF THE INVENTION 

An object of the present invention is to 
20 provide a liquid jet recording head composed of a 

material having low water absorbency, high adhesiveness 
to a base plate, and high mechanical strength. 

Another object of the present invention is to 
provide a process for producing the above liquid jet 
25 recording head. 

The liquid jet recording head of the present 
invention comprises a constituting member formed from a 
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cured product of a resin composition comprising: 

(1) a curable epoxy compound, 

(2) a compound having a functional group reactive to 
the curable epoxy compound and a fluorocarbon moiety, 

5 and 

( 3 ) a curing agent . 

The process for producing the liquid jet 
recording head of the present invention -^mpri^Trrg 
steps of : 

10 (I) forming an ink flow path pattern from a soluble 
resin on a base plate provided with an ink discharge 
pressure-generating element , 

(II) forming a coating resin layer on the pattern of 
the soluble resin, and 
15 (III) removing the soluble resin layer by elution, 

wherein the coating resin layer is formed from a cured 
product of a resin composition comprising: 

(1) a curable epoxy compound, 

(2) a compound having a functional group reactive to 
20 the curable epoxy compound and a fluorocarbon moiety, 

and 

( 3 ) a curing agent . 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 gigG -» — 1 to *> illnntr n tr pror r-r ^n^ r»f ^rnHnrinnf 
sx liquid jot -reuuidi^ig h ea d - of the prese srn : iiiveuti -< 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

An embodiment of const itution and effects of a 
liquid jet recording head of the present invention is 
described below. 
5 This embodiment is characterized by the 

constituting member for the main portion of the 
recording head. The resin composition for forming the 
recording head of the present invention is described 
below in detail. 

10 As a component of the resin composition, the 

curable epoxy resin has preferably two or more epoxy 
groups in the molecule in order to obtain high 
mechanical strength and high adhesiveness to the. base 
plate of the cured product. Specific examples include 

15 epoxy resins having skeleton of bisphenols A, F, and S, 
and epoxy resins of o-cresol novolak type, which are 
described in the aforementioned Japanese Patent 
Application Laid-Open No. 3-184868. Further, alicyclic 
epoxy resins are also useful which have not been used 

20 so far because of their high water absorbency of the 
cured products than that of the cured aromatic epoxy 
resins in spite of their high cationic 

polymerizability . However, the alicyclic epoxy resins 
should be used carefully in certain embodiments in 
25 consideration of high compatibility with naphthoquinone 
diazide type positive type resist. 

Epoxy resins having an oxycyclohexane skeleton 



are also useful which are described in Japanese Patent 
Application Laid-open Nos. 60-161973, 63-221121, 64- 
9216, and 2-140219- In particular, the above cured 
epoxy resins having an oxycyclohexane skeleton have 
excellent adhesiveness to the base plate, and is 
capable of compensating the decrease of the 
adhesiveness caused by addition of a fluorocarbon 
moiety-containing compound. 

The compound having a functional group reactive 
to the curable epoxy compound and a fluorocarbon moiety 
(hereinafter often referred to as a "fluorocarbon 
moiety-containing compoun^) is explained below. This 
compound is incorporated into the three-dimensional 
network structure in curing of the epoxy resin by 
reaction with the epoxy ring, and the fluorocarbon 
moiety serves to lower the water absorbency. At least 
a portion of the compound having a functional group 
reactive to the curable epoxy compound and a 
fluorocarbon moiety should be compatible with, and 
bonded chemically to the epoxy resin. If the compound 
having a fluorocarbon moiety is completely separated 
from the epoxy resin (incompatible or dispersed), the 
water absorbency is not always decreased sufficiently, 
the properties of the cured epoxy resin (mechanical 
strength, etc. ) may be adversely affected, or the 
fluorocarbon moiety-containing compound may be eluted 
into the ink during a long term of use. 
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The fluorocarbon moiety-containing compound is 
contained preferably in the range of from 1% to 50% by 
weight, more preferably from 5% to 30% by weight of the 
cured epoxy resin. At the content of less than 1% by 
5 weight, the fluorocarbon moiety-containing compound 
does not lower sufficiently the water absorbency, . 
whereas at the content of higher than 50% by weight, it 
may impair the characteristic property, namely the 
mechanical strength and the adhesiveness to the base 

10 plate, of the epoxy resin. The content is particularly 
preferably not more than 30% by weight in consideration 
of compatibility with the aforementioned epoxy resin. 

The fluorocarbon moiety-containing compound 
contains fluorine at a content ranging from 20% to 80% 

15 by weight. At the content of lower than 20% by weight, 
the effect is insufficient, whereas at the content of 
higher than 80%, the compound will lose its 
compatibility with usual epoxy compounds and organic 
solvents . 

20 The functional group of the fluorocarbon 

moiety-containing compound includes groups of epoxy, 
hydroxyl, carboxyl, and amino. When the curing is 
conducted through cationic polymerization by use of a 
cationic polymerization initiator as the curing agent, 

25 the hydroxyl group is particularly preferred since the 
hydroxyl group furnishes hydrogen for the cationic 
polymerization and the fluorocarbon moiety-containing 



compound serves as a chain transfer agent. The 
functional group is selected depending on the kind of 
the curing reaction of the epoxy resin. Naturally, a 
nucleophilic functional group like an amine group 
cannot be applicable to a cationic curing 
polymerization reaction. 



moiety- containing compound shown by chemical formulas 
below without limiting the invention thereto. 



Specific examples of the above fluorocarbon 



HO-CH 2 -( CF 2 ^;-CH 2 -OH 



General Formula ( 1 ) 



CF 3 -fCF 2 -f n CH 2 -OH 



CF 3 -CF 2 -fCH 2 ->- n OH 



H 









CF 3 -fCF 2 ->- o COOH 



CF 3 

HOOCH(o>-C-<0>-CCX)H CF 3 -eCF 2 ^- n CH 2 -NH 2 
CF 3 



CH 



3 \ 



S F 3 

N-<^-C-OH 





(n is an integer of 1-20) 
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Of these compounds, in cat ionic curing polymerization, 
the fluorocarbon moiety-containing compound having a 
hydroxyl group, particularly the diols represented by 
the above General Formula (1) is preferred, since the 
5 diols servers as a chain transfer agent of cationic 
polymerization as mentioned above. 

The epoxy compound is cured by crosslinking 
with a suitable curing agent. The curing agent 
includes known amine type curing agents, acid anhydride 

10 type curing agents, and cation-polymerization curing 

agents. The amine type curing agents include aliphatic, 
amines such as diethylenetriamine, 2,5 dimethyl - 
hexame thy lenedi amine, and diethylenetriamine; cyclic 
amines such as menthenediamine, and isophoronediamine; 

15 and aromatic amines such as m-xylenediamine, and m- 
phenylenediamine. The acid anhydride type curing 
agents include polyadipic anhydride, hexahydrophthalic 
anhydride, and promellitic anhydride. The cationic 
polymerization type of curing agent is suitably used in 

20 the examples of the present invention. The cation- 
polymerized cured epoxy resin has advantages of a high 
crosslinking density and a high glass-transition 
temperature (heat distortion temperature). 

In curing reaction of the epoxy compound, an 

25 amine type curing agent or an acid anhydride type 

curing agent requires a high temperature and a long 
reaction time for curing. The higher reaction degree 
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of the reactive epoxy group gives the higher transition 
temperature, the higher mechanical strength, and the 
higher adhesiveness. Therefore, use of the amine type 
curing agents or the acid anhydride type curing agents 
5 are limited in throughput. In contrast thereto, 

cationic polymerization proceeds by chain transfer 
reaction, and the cationic polymerization type curing 
agent enables production of a cured product of a high 
crosslinking density (high glass transition 

10 temperature) at a lower temperature in a shorter time. 
The cationic polymerization initiator includes 
aromatic iodonium salts and aromatic sulfonium salts 
[see J. Polymer Sci.: Symposium No. 56, 383-395 (1976)], 
Irgacure 261 (Trade Name, supplied by Ciba Geigy Co.), 

15 SP-170 and SP-150 (Trade Names, supplied by Asahi Denka 
Kogyo K.K.), and so forth. These cationic 
polymerization initiator initiates cationic 
polymerization by irradiation of ultraviolet ray. The 
cationic polymerization can be initiated by heating by 

20 use of combination of CP-66, CP-77 (Trade Names, 

supplied by Asahi Denka K.K.), or an aromatic iodonium 
salt with a copper compound [see J. Polymer Sci.: 
Polymer Chemical Edition, Vol.21, 97-109 (1983)]. 

The cured epoxy resin may contain a suitable 

25 additive if necessary. For example, a flexibility- 
imparting agent may be incorporated for lowering the 
elastic modulus of the epoxy resin, or a silane- 
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coupling agent may be incorporated for improving 
further the adhesiveness to the base plate. 

The process for producing a liquid jet 
recording head employing the constituting member of the 
5 present invention is described below by reference to 
drawings . 

Fig. 1 shows a base plate 1 having ink 
pressure-generating elements 2 and an ink-supplying 
opening 3 formed thereon. Control signal inputting 

10 electrodes (not shown in the drawing) are connected to 
the ink pressure-generating elements. 

On the base plate 1, an ink flow path pattern 4 
is formed from a soluble resin as shown in Fig.. 2 
showing a cross sectional view. The soluble resin 

15 layer may be suitably formed from a positive type 
resist . 

A coating resin layer 5 of the present 
invention is formed on the above flow path pattern 4 as 
shown in Fig. 3. The coating layer is suitably formed 

20 by a solvent-coating method (application of a coating 
resin solution in a suitable solvent), typically spin 
coating in view of uniformity of the layer thickness. 
In the spin coating, the coating resin should be 
dissolved uniformly in the coating solvent. An 

25 incompatible portion in a considerable amount may 

impair the uniformity of the thickness of the formed 
layer (especially in a dispersion system). 

Then the coating resin layer is cured by 
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application of optical or thermal energy. When a 
photopolymerization initiator is employed as the curing 
agent for the coating resin layer, ink discharge 
openings 7 are formed by patterning light exposure, or 
5 when the coating resin layer is thermally cured, the 
ink discharge openings 7 are formed by exa*mer laser 
processing or oxygen plasma etching through a suitable 
mask as shown in Fig. 4. 

Finally, the ink flow path pattern 4 is removed 

10 by dissolution to complete a liquid jet recording head 
as shown in Fig. 5. 

According to the above production process, a 
liquid jet recording head can be formed with 
sufficiently high precision of the distance between the 

15 discharge energy-generating element and the ink 

discharge opening and precision of the positions of the 
discharge openings, which are the most important 
factors for ink discharge performance. In the above 
liquid jet recording head, the thin coating resin layer 

20 5, which constitutes the nozzle portion on the ink- 
supplying opening, is required to cause minimum 
deformation by swelling by water absorption and to have 
high mechanical strength. 

The water absorbency of the resin composition 

25 for constituting the liquid jet recording head of the 
present invention was measured as below. 

The resin compositions of Experiments 1-11 were 
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formed respectively into a resin layer by dissolving 
the resin composition in a methyl isobutyl 
ketone/xylene, applying the solution onto a glass plate 
by spin coating, and drying it. The resin layer formed 
5 on the glass base plate was exposed to light for 30 
seconds by means of a mask aligner PLA 520 
(manufactured by Canon K.K. ) with a cold mirror CM 250, 
and baked at 100 °C for one hour to cause cationic 
polymerization. The thickness of the resin layer was 

10 adjusted to be 10 >im on the glass base plate. 

The obtained resin layer with the glass base 
plate was immersed into an ink composed of pure water, 
diethylene glycol, isopropyl alcohol, water soluble 
black dye, and lithium acetate (constituting ratio: 

15 79.4/15/3/2.5/0.1). The water absorbency was 

determined by a pressure cooker test (PCT: 120°C, 2 
atm, 50 hours). The weight increase of the glass plate 
carrying the resin layer by the immersion in the ink 
was measured . 

20 The results are shown in Table 1. Experiments 

1-4, 7, 8, and 10 relate to the resin compositions of 
the present invention, and Experiments 5, 6, 9, and 11 
relate to conventional resin compositions. From the 
results, the coexistence of the fluorocarbon moiety- 

25 containing compound linked to the epoxy resin decreased 
the water absorbency of the epoxy resin remarkably to a 
level of 1/3 to 1/10 of the simple epoxy resin. 
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The resin compositions of the present invention 
were used for production of liquid jet recording heads, 
and were evaluated. The evaluation is explained by 
reference to the drawings. 
5 Example 1 

Onto a silicon wafer 1 having a thermal 
oxidized Si0 2 film, electrothermal transducer elements 
(heaters composed of Hf B 2 ) 2 and an ink-supplying 
opening 3 were formed as shown in Fig. 1. Separately, 

10 a dry film was prepared, as a soluble resin layer, by 
applying polymethyl isopropyl ketone (ODUR-1010, 
produced by Tokyo Ohka Kogyo Co . , Ltd . ) onto a PET 
sheet and drying it. The ODUR was concentrated before 
use. This dry film was transferred and laminated onto 

15 the above silicon wafer. The laminated matter was 

baked at 120 °C for 20 minutes, and then was exposed for 
1.5 minutes in a pattern of an ink flow path by means 
of a mask aligner PLA 520 with cold mirror CM 290 
(manufactured by Canon K.K.). The pattern was 

20 developed with a mixture of methyl isobutyl ketone and 
xylene (mixing ratio of 2:1 by weight), and rinsed with 
xylene. The resist pattern 4 is formed and kept 
remained for securing the ink flow path between the 
ink-supplying opening 3 and the electrothermal 

25 transducers 2 as shown in Fig. 2. The ink-supplying 

opening 3 had been formed in a breadth of 300 pm. The 
resist after the development had a layer thickness of 
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1 2 jam • 

Then, as shown in Fig. 3, a coating layer 5 was 
formed by applying a solution of the resin composition 
of this example shpwn in Table 2 in methyl isobutyl 
5 ketone/xylene onto the above resist pattern 4 by spin 
coating, and drying it. The coating layer 5 formed on 
the silicon wafer was exposed for 30 seconds by means 
of a mask aligner PLA 520 with a cold mirror CM 250 
(manufactured by Canon K.K.), and was baked at 100 °C 

10 for one hour to cause cationic polymerization. The 

thickness of the coating resin layer 5 was controlled 
to be 10 \xm on the ink flow path pattern. 

Onto the cured resin coating film 5, a silicone 
type negative resist (SNR: produced by Toso Co.) 6 was 

15 formed in a thickness of 0.3 pm by spin coating, and 
was baked at 80 °C of 20 minutes. This silicone type 
resist layer was exposed to' light irradiation through a 
mask of a pattern corresponding to the ink- supplying 
opening by contact exposure at a exposure light 

20 quantity of the layer of about 60 mj/cm 2 by means of a 
mask aligner PLA 520 (with CM 250). The pattern was 
developed by toluene for one minute^, and was rinsed by 
immersing into isopropyl alcohol for 30 seconds. This 
silicone type resist was a negative type resist, and 

25 the pattern of the ink- supplying opening was formed by 
cutting. The negative resist is generally not suitable 
for fine pattern formation. However, because of the 
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thinness of the resist film in this example, a pattern 
can be formed in size of about 2 pm in diameter. In 
this example, discharge opening pattern of 15 pm in 
diameter was formed (see Fig. 6). 
5 The epoxy resin layer was etched by oxygen 

plasma in a parallel plate type dry etching apparatus 
(DEM-451: Arierpa Co. ) at an oxygen gas pressure of 15 
Pa and an input power of 150 W. The etching time was 
selected suitably for respective resin compositions. 

10 The through holes for ink-supplying openings 7 are 
formed by the etching (see Fig. 7). The degree of 
anisotropy of the etching can be changed by changing 
the oxygen gas pressure or the input power to control 
the shape in the depth direction of the discharge 

15 opening to some extent. Reportedly, use of a magnetron 
type etching apparatus enables shortening of the 
etching time to improve the throughput. 

The soluble resin layer (ODUR-1010) 4 was 
removed by light exposure for 2 minutes by means of 

20 PLA-520 (with CM290) and dissolution in methyl isobutyl 
ketone by application of ultrasonic wave by an 
ultrasonic washing apparatus for the ink flow path 8 
(see Fig. 8). The resulting base plate was baked at 
150 °C for one hour. 

25 Finally, an ink-supplying member 9 was bonded 

to the ink-supplying opening as shown in Fig. 9 to 
complete a liquid jet recording head- 
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Example 2 

An ink flow path pattern 4 was formed thrQugh 
the same steps in the same manner as in Example 1 . 
Onto the ink flow path pattern 4, a coating resin layer 
5 was formed by applying a solution of the composition 

shown in Table 2 in a mixed solvent of methyl isobutyl 
ketone and xylene by spin coating. The cationic 
polymerization initiator SP170 serves to initiate 
cationic polymerization by light irradiation, and 

10 copper tr if late was used as an accelerator for the 
cationic polymerization • 

Since the composition shown in Table 2 has 
negative photosensitivity, light exposure was conducted 
with a mask shielding the discharge opening portions by 

15 means of a mask aligner MPA 600 (manufactured by Canon 
K.K. ) at exposure light quantity of 3.5 J/cm 2 . After 
the light exposure, the composition was baked at 90 °C 
for 10 minutes, developed by a mixed solvent of methyl 
isobutyl ketone and xylene, and rinsed with xylene. 

20 The discharge openings were 20 \im in diameter, and the 
coating resin layer was 10 jam thick on the ink flow 
path pattern. 

Thereafter, the ink flow path pattern 4 was 
removed by elution in the same manner as in Example 1 . 

25 The coating resin layer was completely cured by baking 
at 180 °C for one hour. Finally an ink-supplying member 
was bonded thereto to complete a liquid jet recording 
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head. 
Example 3 

A liquid jet recording head was prepared in the 
same manner as in Example 2 except that the coating 
5 resin layer was formed from the composition shown in 
Table 2. 

Comparative Examples 1 and 2 

Liquid jet recording head were prepared in the 
same manner as in Example 2 except that the coating 

10 resin layer was formed respectively from the 
composition shown in Table 2, 

The obtained liquid jet recording heads were 
stored with ink filled therein in a closed vessel at 
60 °C for 3 months to evaluate the reliability of the 

15 heads for a long term. 

After the storage, the ink -contacting surface 
was observed by microscope. No significant change was 
observed in the heads of Examples 1-3, whereas in the 
heads of Comparative Examples 1 and 2, surface 

20 roughness was observed in the portions of the coating 
resin layer 5 above the ink-supplying opening. 

The heads after the storage were used for 
printing a solid black test pattern on a recording 
paper sheet of A4 size. The heads of Examples 1-3 

25 could print the test pattern stably. However, the 
heads of Comparative Examples 1 and 2 caused white 
streaks locally in continuous printing test, which is 
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considered to be due to deviation , of ink discharge 
direction. By careful observation, the white streaks 
are found in a large number in the portions 
corresponding to concave distortion of the coating 
5 resin layer. This is probably caused by stagnation of 
the ink in the concave of the coating resin layer to 
give rise to deviation of the ink discharge direction. 

The heads of Comparative Examples 1 and 2, 
after drainage of the ink, were washed with water, and 

10 dried at 80 °C under a reduced pressure. Neither 

concave nor protrusion of the coating resin layer was 
observed in the heads. From this, the concave or the 
protrusion is understood to be ascribable to water 
absorption of the coating resin layer. 

15 As shown in Examples, the head employing the 

coating resin layer of the present invention is highly 
reliable without swell caused by water absorption of 
the coating resin layer during use for a long term. 
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